ABSTRACT Stunning method (low atmospheric pressure stunning, LAPS and electrical stunning, ES), deboning time (0.75 h and 4 h), and cooking method (baking, frying, and sous vide) were evaluated for their impact on the descriptive sensory characteristics and consumer acceptability of breast meat (n = 576, 144 birds per stunning × deboning time combination). Sensory evaluation was conducted by trained descriptive (n = 8) and consumer (n = 185) panels. On average, no differences (P > 0.05) existed in the sensory acceptability of fried and sous vide cooked broiler breast treatment combinations. However, for oven-baking, the LAPS treatment that was deboned at 4 h was more acceptable (P < 0.05) than other treatments and the ES and LAPS 4 h samples had greater (P < 0.05) acceptability for texture than their ES and LAPS 0.75 h counterparts. Since consumers were highly variable in their liking of chicken breast treatments, consumers were grouped into clusters for each cooking method based on liking and preference. Cluster analysis data revealed that the largest groups of consumers liked (score ≥ 6.0) all chicken breast treatments, but a larger proportion of consumers liked the 4 h LAPS and ES treatments when compared to the 0.75 h LAPS and ES treatments for all cooking methods. In addition, the consumers who indicated that baked chicken breast was highly acceptable preferred (P < 0.05) 4 h LAPS over the 4 h ES samples. Based on sensory results, chicken breast meat from all stunning and deboning method combinations was highly acceptable to the majority of consumers, but the LAPS 4 h treatment had enhanced sensory characteristics when baked.
INTRODUCTION
Broiler stunning prior to slaughter warrants adequate animal welfare practices that can be accomplished using various methods. Low atmospheric pressure stunning (LAPS) is a stunning approach that has been researched and implemented in recent years. Low atmospheric pressures in the range of 150-230 mm Hg is utilized in this system (U.S. Process Patent 7662030, 2010) to render the birds unconscious so that they are insensible to pain. Although limited, previous research investigations documented that LAPS is an effective method for humane stunning prior to slaughter of broiler birds (Purswell et al., 2007; Thaxton et al., 2010) .
In addition to poultry welfare aspects, stunning systems should ensure that meat quality is not compromised. Battula et al. (2008) , in a pilot-plant study, C 2015 Poultry Science Association Inc. Received November 12, 2014 . Accepted February 17, 2015 Corresponding author: schilling@foodscience.msstate.edu demonstrated minimal differences in meat quality when broilers were subjected to LAPS or electrical stunning (ES). The authors also reported that quicker onset of rigor mortis in LAPS birds, when compared to ES could result in increased tenderness and shorter postmortem deboning times. In a study at a commercial plant, broiler breast meat quality differences between ES and LAPS stunned birds were evaluated at varying deboning times (Schilling et al., 2012) . Postmortem pH indicated a quicker onset of rigor mortis in LAPS birds, when compared to ES. Although 4 h deboned samples exhibited lower shear force than 0.75 h counterparts, stunning method (LAPS or ES) did not have a significant effect on the shear force values of breast samples. However, the overall consumer acceptability ratings were greater for LAPS samples deboned at 4 h than other treatments. Furthermore, 4 h deboned samples had more acceptable texture when compared to 0.75 h deboned samples in both LAPS and ES treatments (Schilling et al., 2012) .
Previous investigations have addressed the effect of stunning on meat quality, with a primary focus on the sensory acceptance of baked breast samples. However, broiler breast meat can be cooked using different methods such as baking, frying, and sous vide cooking. Sous vide cooking, a method popular in the retail and catering industries, refers to minimally processed foods under vacuum conditions and offers the advantages of convenience in preparation, handling ease, and unique flavor and texture attributes (Armstrong and McIlveen, 2000, Wang et al., 2004; Narciso-Gaytan et al., 2010) . However, to our knowledge, no investigations have been conducted on the sensory acceptance of broiler meat from LAPS and ES birds deboned at various postmortem durations and prepared by using different cooking methods.
Therefore, the objectives of this research were to determine if differences exist in consumer acceptance and descriptive sensory characteristics of breast meat from broilers that are subjected to electrical (ES) and low atmosphere pressure stunning (LAPS) at various deboning times (0.75 h and 4 h) and prepared using different cooking methods (baking, frying, sous vide).
MATERIALS AND METHODS

Sample Procurement
Mixed sex broilers (Ross 708, approximately 48 d of age) were reared at farms in west central Arkansas and slaughtered at a commercial broiler processing facility (OK Foods, Fort Smith, AR). Broilers had ad libitum access to water and 10 h of feed withdrawal prior to slaughter. Five hundred and seventy-six broilers were randomly allotted to stunning methods (ES and LAPS) in 2 separate trials (n = 288 per trial). Half of the broilers from each stunning treatment were deboned at 0.75 h postmortem (n = 144) and half were deboned at 4 h postmortem. Broilers were transported between 50 and 100 km during summer months in live haul modules from the poultry farm to the poultry processing plant. Bird sampling details as well as identification and tracking methods during slaughter have been mentioned previously (Schilling et al., 2012) .
Treatment Effects
Within each cooking method, 4 treatments were utilized in this experiment to evaluate the effects of stunning method and deboning time on the sensory properties and acceptability of breast meat: electrical stunning, deboned at 0.75 h post mortem (ES 0.75 h); electrical stunning, deboned at 4 h post mortem (ES 4 h); low atmosphere pressure slaughter, deboned at 0.75 h post mortem (LAPS 0.75 h); low atmosphere pressure slaughter, deboned at 4 h post mortem (LAPS 4 h). Samples from each of these treatments were subjected to 3 different cooking methods (baking, frying, sous vide) prior to sensory evaluation.
Electrical Stunning (ES)
After shackling, the broilers were electrically stunned in a saline saturated commercial stunner (Dapec stunner, Meyn, Oostzaan, The Netherlands) using the following machine settings: 31-33 volts, 500 Hz, <0.5 mA AC/DC current for 10 sec. AC to pulsed DC current was used. The shackle line speed was constant and set so that approximately 160 broilers were stunned per min. Immediately after stunning, the birds were subjected to unilateral decapitation neck cutting followed by bleeding for 140 sec. Upon completion of exsanguination, the broilers were scalded at 53.3
• C for 191 sec and picked using JM64 Meyn Pickers (Meyn, Oostzaan, The Netherlands) and then mechanically eviscerated.
Low Atmospheric Pressure Stunning (LAPS)
Broilers were stunned using a commercial low atmospheric pressure slaughter system (Technocatch LLC, Kosciusko, MS). This system consisted of a cylindrical reinforced mild steel shell that was 2.1 m in diameter and 6 m long with a roller bed run by an electric motor, which allows for the insertion of 2 full broiler cages at one end with post-stun removal at the other end. Low atmospheric pressure was accomplished by means of a series of vacuum rated butterfly valves utilized for vacuum application and release. The low atmospheric pressure was achieved using 2 vane type vacuum pumps each rated at 14 cubic m per min. These pumps were connected to the chamber through 2 separate pipes each with its own control valve. An additional valve was connected via piping to the tank for vacuum release. A computer-based data acquisition and control system (USB-1208FS, Measurement Computing Corp., Norton, MA) was used to monitor tank pressure and control pump action. Live haul cages with 250 commercial broilers were placed into this chamber where the pressure was reduced to an approximate elevation of 10,000 m. The exact pressure and rate of change from sea level is described in the U.S. process patent number 7662030. All broilers were maintained in the LAPS chamber for 2 min after loss of posture for a total time of 2.5 min in the container. Bleeding, scalding, picking, and evisceration steps were completed and were identical to the procedures listed in the electrical stunning section.
Broiler Processing
After harvest, broiler carcasses that were randomly selected for deboning at 0.75 h postmortem were chilled in an ice slurry starting at 0.25 h postmortem to simulate commercial chilling. Samples were then deboned at 0.75 h, placed in Ziploc freezer bags (S. C. Johnson & Son Inc., Racine, WI) and then placed back in the ice slurry until 4 h postmortem. The samples that were deboned at 4 h were chilled in the water chillers at the poultry processing plant and deboned at 4 h postmortem. After deboning, samples were transported inside Ziploc freezer bags (S. C. Johnson & Son Inc., Racine, WI) in coolers filled with ice (4
• C) to Mississippi State University within 8 h. At 12 h postmortem, the samples were removed from the coolers and placed in a walk in cooler (2-4
• C). At 24 h postmortem, the whole breast was separated into right and left halves. The breasts from the left side of each carcass were bagged (6 breasts per bag), vacuum packaged (40.6 × 50.8 cm, 4 mil vacuum pouch; Rebel Butcher Supply Co. Inc., Flowood, MS) and frozen (−23
• C) until consumer acceptability tests and descriptive sensory evaluations could be performed. The right half of the breast sample was used to evaluate meat quality and was reported in Schilling et al. (2012) .
Cooking Methods
For baked breast meat, Kraft Shake (Northfield, IL) 'n Bake Original Chicken formulation (Enriched wheat flour [wheat flour, niacin, iron, thiamin, mononitrate (vitamin B1), riboflavin (vitamin B2), folic acid], wheat flour, maltodextrin, bleached wheat flour, salt, partially hydrogenated soybean and cottonseed oils, canola oil, spices contain less than 2% of mustard flour, dextrose, yeast, caramel color, extractives of paprika (color), dried onions, natural flavor, oleoresin paprika and ascorbic acid) was added based on manufacturer instructions and baked at 205
• C to an internal temperature of 77
• C. For fried breast meat, Best Yet Plain Bread Crumbs, C&S Wholesale Grocers, Keene NH (whole egg, enriched wheat flour, malted barley, niacin, ferrous sulfate, thiamine mononitrate, riboflavin, folic acid, water, high fructose corn syrup, partially hydrogenated vegetable oil, soybean oil, cottonseed oil and canola oil, salt, yeast, sugar, honey, sesame and poppy seeds, molasses, wheat gluten, whey, soy flour, whole wheat flour, rye flour, oat bran, corn flour, rice flour, potato flour, butter, skim milk, buttermilk, lactic acid, distilled vinegar, soy lecithin, dough conditioner (mono and diglycerides, sodium and calcium stearoyl lactylate), yeast nutrients (Contains 1 or more of the following: monocalcium phosphate, calcium sulfate, ammonium sulfate), calcium propionate and potassium sorbate for preservation) was used to bread the chicken breast meat prior to frying at 177
• C to an internal temperature of 77 • C. Bread crumbs were added by placing greater than 0.1 kg of bread crumbs in a bag and mixing them with 0.454 kg of chicken through shaking for 1 min.
For sous vide cookery, the breast samples were cooked in vacuum packaged bags by immersing them in water at 85
• C until an internal temperature of 80 • C was reached. A temperature probe was inserted (beef and poultry thermometer; Chaney Instrument Co., Lake Geneva, WI) into the middle portion of a breast sample prior to packaging to measure the internal temperature of the sample. Prior to cooking, 2 tbsp. of McCormick Grill Mates Chicken Rub, Sparks, MD (onion, spices and herbs (black pepper, red pepper and sage), salt, garlic, brown sugar, lemon peel, paprika, silicon dioxide (added to make free flowing), maltodextrin, sugar, natural flavoring, corn syrup solids and sulfiting agents) was added for every 0.454 kg of chicken breast by placing the chicken and the spices in a bag and shaking the bag for 1 min to evenly distribute spices on the surface.
Consumer Sensory Analysis
Three consumer based sensory panels (n = 50-55 panelists per replication) were conducted to evaluate the acceptability of broiler breast meat from birds subjected to LAPS or ES and deboned at 0.75 h or 4 h and either baked, fried, or sous vide cooked. Each panel consisted of students, staff, and faculty at Mississippi State University that consume chicken at least twice per week. Participants were recruited with an advertising sign and word of mouth for participation, and samples were cooked as previously described. Cooked breast fillets were cooled at room temperature for 15 min, cut into 2.5 × 2.5 × 2.5 cm cubes, and kept warm (60 to 70
• C) in 7.6 L chafer dishes (53042, Polarware Co., Kiel, WI) until panelists evaluated the samples but no longer than 30 min. Random 3-digit numbers were utilized to identify the samples and each participant evaluated 4 treatment samples within a cooking method. Participants were asked to evaluate the sample's overall acceptability, and the sample's acceptability in respect to appearance, texture, and flavor on a 9-point hedonic scale. The category definitions were as follows: 9-Like extremely; 8-Like very much; 7-Like moderately; 6-Like slightly; 5-Neither like nor dislike; 4-Dislike slightly; 3-Dislike moderately; 2-Dislike very much; 1-Dislike extremely (Meilgaard et al., 2007) . Acceptability of texture was defined as product liking in respect to tenderness. Acceptability of appearance was defined as product liking in respect to color and moisture, and acceptability of flavor was defined as product liking in respect to chicken flavor (taste). Panelists were asked to evaluate all attributes for each sample before evaluating the next sample, and evaluate 1 sample at a time going from left to right. Sample order was also randomized to account for sampling order bias. Water and unsalted crackers were provided, and panelists were asked to expectorate and rinse their mouths between each sample.
Descriptive Sensory Analysis
The descriptive panel consisted of 8 members with previous experience (> 100 hours per panelist) in sensory evaluation of muscle foods. Panelists were trained for 18-20 h in evaluating attributes related to aroma, flavor, and texture of chicken breasts that were cooked and served as mentioned in the previous section. The descriptive analysis was conducted on 3 replications and the panelists evaluated the attributes related to appearance, aroma, flavor, basic taste, and oral texture. Panelists developed a list of sensory descriptors (such as greasiness, sweet, sour, bitter, and others), from the descriptors that were consistently used during each session and were consistent with literature (Lyon and Lyon, 2000; Lyon et al., 2004; Liu et al., 2004; Cavitt et al., 2005; Fanatico et al., 2007; Zhuang and Savage, 2010) . The descriptors were rated using a 15-cm continuous line scale, with "0" as the least score for the descriptor and "15" as the highest score for the descriptor. Panelists were provided water, apple juice, unsalted crackers, and expectorant cups to cleanse their palate between sample evaluations.
Statistical Analysis
A randomized complete block design (replications and panelists as blocks) with 3 replications was utilized to test the treatment effects (P < 0.05) of stunning method, deboning time, and cooking method on the consumer sensory acceptability and descriptive sensory characteristics of the chicken breasts. Fisher's protected Least Significant Difference (LSD) test was utilized to separate treatment means when significant differences (P < 0.05) occurred. Principal Component Analysis (PCA) was conducted for the descriptive sensory data to determine the variation in attributes among treatments (SAS, Statistical Analysis Software, Cary, NC). Agglomerative hierarchical clustering using Ward's method (XLStat, 2006) was conducted to group consumer panelists together based on their preference and liking of broiler breast meat. A dendrogram and a dissimilarity plot were used to determine how many clusters should be utilized to group panelists. After conducting agglomerative hierarchical clustering, randomized complete block designs (panelists as blocks) were performed within each cluster, and Fisher's protected LSD test was utilized to separate treatment means within a cluster when significant differences (P < 0.05) occurred.
RESULTS AND DISCUSSION
Consumer Acceptability of Baked Broiler Breast Meat
Consumers rated breast fillet meat from all treatments between like slightly and like moderately with respect to appearance, aroma, texture, flavor, and overall acceptability ( Table 1 ). The appearance acceptability of all treatment combinations was between like moderately and like very much. The only difference in appearance among treatments was that on average, the samples from the LAPS 4 h treatment were preferred (P < 0.05) over samples from the ES 4 h treatment. However, this difference is very small numerically and does not likely have practical significance. No other differences in the acceptability of appearance existed among treatments (P > 0.05). On average, the aroma of breast meat from the LAPS 4 h treatment was liked (P < 0.05) slightly more than the ES 0.75 h and ES 4 h treatments, but no other differences (P > 0.05) occurred among treatments. The texture of the LAPS 4 h treatment was preferred (P < 0.05) over the texture of the ES and LAPS 0.75 h treatments, but the acceptability of texture for the LAPS 4 h and ES 4 h Table 1 . The effects of stunning methods and deboning time on the consumer acceptability of appearance, aroma, texture, flavor, and overall consumer acceptability of oven-baked, fried, and sous vide cooked broiler breast meat determined by consumer panels (n = 185). Hedonic scale was based on a 9-point scale (1 = dislike extremely; 5 = neither like nor dislike; 9 = like extremely). LAPS = low atmospheric pressure stunning; ES = electrical stunning; hrs = hours deboned after slaughter. Table 2 . Mean hedonic scores for overall consumer acceptability of breast meat from broilers that were stunned either by electrical or low atmospheric pressure stunning, deboned at either 0.75 or 4 h, and oven-baked, fried, and sous vide cooked, according to different clusters of consumers.
Cluster Hedonic scale was based on a 9-point scale (1 = dislike extremely; 5 = neither like nor dislike; 9 = like extremely). LAPS = low atmospheric pressure stunning; ES = electrical stunning; hrs = hours deboned after slaughter.
treatments were not different (P > 0.05). With respect to overall acceptability and flavor, the broiler breast meat from the LAPS 4 h treatment was more acceptable (P < 0.05) than breast meat from the other treatments. This shows that even though consumers indicated that breast meat from all treatments were acceptable (liked slightly or better), the LAPS 4 h treatment may possibly produce breast meat with slightly better flavor and overall acceptability when the product is prepared as listed in the methods and baked in an oven.
Consumers were separated into 8 separate clusters (groups) based on their acceptability ratings of breast meat from each treatment ( Table 2) . Cluster 1 (10.5% of panelists) preferred (P < 0.05) breast meat from the ES 0.75 h treatment over that of LAPS 0.75 h, ES 4 h, and LAPS 4h treatments with samples from all treatments receiving ratings between like slightly and like very much. This indicates minimal practical differences among treatments within this cluster. Cluster 2 (12.3% of panelists) did not differ (P > 0.05) in their acceptability ratings of breast meat from the different treatments, with a high degree of liking for all samples (8.3 to 8.6). Cluster 3 (29% of panelists) rated breast meat from the LAPS 4 h treatment between like very much and extremely and preferred (P < 0.05) this treatment over breast meat from the ES 0.75 h, ES 4h, and LAPS 0.75 h treatments. These treatments were all liked between moderately and like very much (7.3 to 7.6). Cluster 4 (18.5% of panelists) liked breast meat from LAPS 0.75 h, LAPS 4 h, and ES 4 h moderately and preferred (P < 0.05) breast meat from these treatments over breast meat from the ES 0.75 h treatment. Cluster 5 (9.9% of panelists) preferred (P < 0.05) breast meat from the ES 4 h and LAPS 4h treatments over breast meat from the ES 0.75 h and LAPS 0.75 h treatments. These panelists did not like chicken breast meat that was deboned early, which is likely due to the early deboning time contributing to tougher meat (Schilling et al. 2012 ). Cluster 6 (3.7% of panelists) preferred (P > 0.05) breast meat from the ES 4 h treatment over the breast meat from ES 0.75 h, ES 4 h, and LAPS 4 h treatments. Cluster 7 (8% of panelists) and cluster 8 (8% of panelists) each rated 3 treatments like moderately. However, cluster 7 did not like breast meat from the LAPS 0.75 h treatment and cluster 8 did not like breast meat from the ES 4 h treatment. In summary, 96% of panelists liked (score ≥ 6.0) breast meat from the LAPS 4 h treatment at least like slightly, 92% of the panelists liked samples from the ES 4 h treatment, and 71.6% and 77.4% of panelists liked the ES 0.75 h and LAPS 0.75 h treatments, respectively. Cluster analysis data indicates that all samples were acceptable, but that a larger number of consumers preferred samples that were deboned at 4 h for both stunning methods (ES and LAPS). In addition, data indicates that 37% of consumers preferred (P < 0.05) the LAPS 4 h treatment over the ES 4 h treatment, while only 3.7% of consumers preferred (P < 0.05) breast meat from ES 4 h over LAPS 4 h. These findings were further validated by using Allo-Kramer shear force data from this experiment, which indicated that samples that were deboned at 4 h required less (P < 0.05) shear force to cut through samples than 0.75 h deboned samples (Schilling et al., 2012) .
Consumer Acceptability of Fried Broiler Breast Meat
The acceptability of appearance was greater (P < 0.05) for breast meat from the LAPS 0.75 h treatment than breast meat from the ES 0.75 h and ES 4 h treatments, and the appearance of the LAPS 4 h samples was preferred (P < 0.05) over the appearance of the ES 4 h samples (Table 1) . However, the mean values for appearance acceptability were between 7.4 and 7.8, which indicates minimal practical differences among treatments. On average, the aroma acceptability was greater (P < 0.05) in samples from the ES 0.75 h when compared to the ES 4 h and LAPS 0.75 h treatments, but no other differences (P > 0.05) existed between treatments. No differences existed (P > 0.05) among breast meat from the various treatments with respect to texture, flavor, and overall acceptability with average ratings close to like moderately (7.0). This indicates that chicken breast meat from each treatment could effectively be used for frying without impacting acceptability. This is in contrast to the baking method, where the cooking method is not as forgiving to less tender raw material and it would be important to have breast meat that was deboned at 4 h postmortem from either the LAPS or ES treatment.
Cluster analysis was conducted to account for the variability among individual panelists (Table 2 ). Cluster 1 (44.2% of consumers) liked all samples between like moderately and like very much, and on average preferred (P < 0.05) breast meat from the ES 0.75 h treatment over breast meat from the LAPS 0.75 h treatment (Table 2) . However, these values are 7.2 and 7.5, which are very close to each other on the hedonic scale. Cluster 2 (12.8% of consumers) preferred (P < 0.05) breast meat from the ES treatments over the LAPS treatments. These consumers liked both ES treatments moderately and neither liked nor disliked the LAPS treatments. Cluster 3 (19.8% of consumers) preferred (P < 0.05) the LAPS 0.75 h, LAPS 4 h, and ES 4 h treatment samples over breast meat from the ES 0.75 h samples. These panelists liked the former 3 treatments between like slightly and like moderately and neither liked nor disliked the ES 0.75 h treatment samples. Cluster 4 (18.0% of consumers) liked all samples between like moderately and like extremely. These panelists preferred the LAPS 0.75 h treatment over all other treatments and preferred the ES 4 h treatment over the ES 0.75 h treatment. No other differences existed (P > 0.05) among treatments. Results indicate that although all samples would be very acceptable to consumers, they would prefer to consume the LAPS 0.75 h samples. Cluster 5 (6.4% of panelists) preferred the ES 0.75 h treatment over the ES 4 h treatment and preferred the LAPS 0.75 h treatment over the LAPS 4 h and ES 4 h treatments. This indicated that these panelists prefer the earlier deboned samples, which is likely due to more texture or bite. In addition, this cluster preferred (P < 0.05) the LAPS 4 h treatment over the ES 4 h treatment. Cluster analysis also revealed that 80.2% of panelists liked (rating greater than 6) the ES 0.75 h samples, 87.2% of panelists like the LAPS 0.75 h and LAPS 4 h samples, and 93.6% of panelists liked the ES 4 h treatment.
Consumer Acceptability of Sous Vide-Cooked Broiler Breast Meat
The only differences among treatments that were prepared sous vide were in texture acceptability (Table 1) . The texture of the breast meat from the ES 4 h treatment was preferred (P < 0.05) over breast meat from all other treatments. In addition, these values correlate with overall acceptability, even though no differences existed (P > 0.05) among breast samples from any treatment for overall acceptability. Results indicate that the texture of the ES 4 h treatment is slightly preferred over other treatments, but that all samples were on average, liked moderately.
Cluster analysis demonstrates that Cluster 1 (17.5% of panelists) preferred (P < 0.05) the LAPS 0.75 h, ES 4 h, and LAPS 4 h treatments over the ES 0.75 h samples (Table 2) . Cluster 2 (31.2%) was the largest cluster and liked all samples very much, with no differences (P > 0.05) among treatments. Cluster 3 (10.0% of panelists) preferred (P < 0.05) breast meat samples from the ES 4 h treatment over all other treatments, preferred the LAPS 0.75 h samples over the ES 0.75 h samples and the LAPS 4 h treatment samples, and preferred (P < 0.05) the ES 0.75 h treatment over the LAPS 4 h treatment. Cluster 4 (15.6% of panelists) did not rate samples very high in general, but preferred both ES treatments over the LAPS treatments. Cluster 5 (13.1% of panelists) liked all treatments at least moderately, with the exception of the LAPS 0.75 h treatment. In addition, samples from the ES 4 h treatment were preferred (P < 0.05) over all other treatments, and the LAPS 4 h and ES 0.75 h treatments were preferred (P < 0.05) over the LAPS 0.75 h treatment. Cluster 6 (12.5% of panelists) preferred (P < 0.05) the ES 0.75 h and LAPS 4 h treatments over the LAPS 0.75 h treatment, and preferred samples from the LAPS 0.75 h treatments when compared to samples from the ES 4 h treatment. Eighty-four percent of the panelists liked at least 1 sous vide treated sample moderately. Of these 84% of panelists, 67, 70, 85, and 88% liked breast meat samples from ES 0.75 h, LAPS 0.75 h, ES 4 h, and LAPS 4 h moderately or greater.
Descriptive Sensory Analysis
Sensory descriptive analysis was conducted to determine the sensory descriptors that describe each cooking method as well as differentiate between stunning and deboning time treatment combinations. For baked samples, the only aroma and flavor descriptors that differed between treatments included metallic flavor and spice intensity (flavor). Breast meat from the ES 4 h had a slightly lower (P < 0.05) rating than the ES 0.75 h and LAPS 4 h treatment but did not differ (P > 0.05) from the LAPS 0.75 h treatment for metallic flavor (Table 3 ). In addition, the spice intensity was slightly greater (P < 0.05) for breast meat from the LAPS 0.75 h treatment when compared to the ES 0.75 h and LAPS 4 h samples. The ES 4 h and LAPS 4 h treatments were more tender (P < 0.05) than samples from the ES 0.75 h treatment, and the ES 4 h treatment was juicier (P < 0.05) than the ES 0.75 h treatment (Table 3 ). The lower tenderness and juiciness rating of samples from the ES 0.75 h treatment in comparison to ES 4 h (control, industry standard) may have led to it being rated lower than samples from other treatments in Cluster 5 (Table 2) . However, these same differences may have also contributed to the ES 0.75 h treatment being preferred by cluster 6 (3.7% of panelists). This small group of panelists may have preferred less tender and harder chicken breast meat. The ES 0.75 h samples were also harder (P < 0.05) than samples from other treatments, with the exception of the LAPS 0.75 h treatment, and the LAPS 0.75 h treatment was more cohesive than the LAPS 4 h samples. The breast meat from the LAPS 0.75 h treatment may have been liked less than breast meat samples from other treatments because it was harder than the ES 4 h (control, industry standard) and spicier than the ES 0.75 h and LAPS 4 h treatment (Table 3) .
There were minimal differences in sensory descriptors among treatments when the chicken breasts were fried (Table 4 ). There were some differences (P < 0.05) in bitterness but all samples ranged between 0.3 and 0.4, so these differences were not of practical significance. The ES 0.75 h treatment yielded fried breast meat that was juicier (P < 0.05) than breast meat from the ES 4 h treatment, but no other treatment differences existed for juiciness.
More differences existed between treatments for sous vide samples than the other cooking methods (Table 5) . Breast meat from the LAPS 4 h treatment had slightly more chicken flavor (P < 0.05) than breast meat from the ES 0.75 h treatment. In addition, breast meat from the LAPS 0.75 h treatment had more (P < 0.05) spice flavor than breast meat from the ES 4 h and LAPS 4 h treatments. The LAPS 0.75 h treatment produced more sour meat than the ES 4 h and LAPS 4 h treatments, and the ES 0.75 h treatment produced meat that was more sour (lemony flavor) than the LAPS 4 h treatment. These results are logical since the 0.75 h deboned samples also had more lemon flavor than samples deboned at 4 hours. Cluster 4 did not like either LAPS treatment. If they had only not liked the LAPS 0.75 h treatment, it would have been logical that this group did not like the enhanced sour and lemony taste of that sample. However, there is no logical explanation for these results based on sensory descriptive analysis. Hedonic scale was based on a 15-point scale (0 = least score for the descriptor, 15 = highest score for the descriptor). LAPS = low atmospheric pressure stunning; ES = electrical stunning; hrs = hours deboned after slaughter. Hedonic scale was based on a 15-point scale (0 = least score for the descriptor, 15 = highest score for the descriptor). LAPS = low Atmospheric pressure stunning; ES = electrical stunning; hrs = hours deboned after slaughter. Table 5 . Sensory descriptive analysis results for broiler breast meat that was cooked sous vide from different stunning methods and deboning times with respect to aroma, flavor, basic taste, and oral texture. Hedonic scale was based on a 15-point scale (0 = least score for the descriptor, 15 = highest score for the descriptor). LAPS = low Atmospheric pressure stunning; ES = electrical stunning; hrs = hours deboned after slaughter.
Cluster 1 did not like the ES 0.75 h treatment, which may be due to a combination of variability in chicken flavor, spice flavor, lemon flavor, sour flavor, and juiciness.
Principal Components Analysis and biplots (Figure 1a , b, c) were used to differentiate between cooking methods and treatments based on sensory descriptors (Liu et al., 2004) . In Figure 1a , the 2 axes (eigenvalues) explain 92% of the variability in the data. The fried chicken breast samples are described by the fatty aroma when compared to the baked and sous vide samples. The 0.75 h deboned samples have slightly more aroma in general than the 4 h deboned samples. The baked samples were described by chicken aroma and broth when compared to the other cooking methods and by having slightly less spice aroma than the sous vide cooked samples. In addition, there are minimal differences between baked samples, but the ES 4 h samples had slightly less roasted aroma, chicken aroma, and spice aroma than the other baked treatments. For the sous vide samples, there are only minor differences between samples, but the 4 h deboned samples are slightly brothier than the 0.75 h deboned treatments, The LAPS samples have slightly more chicken flavor than the ES samples, and the ES 4 h treatment has more spice aroma than the other treatments.
In Figure 1b , the 2 axes (eigenvalues) explain 89% of the variability in the data. The fried chicken breasts were oilier than all other cooking methods, and there were minimal differences between fried treatments with respect to flavor. The baked treatments were described more by chicken flavor and metallic than the other cooking methods. The baked treatments were very similar in flavor, but the LAPS samples were slightly more bitter than the ES samples. The ES 0.75 h samples were more metallic than the ES 4 h samples, and the LAPS 0.75 h had greater spice intensity than other samples. The sous vide samples were differentiated from other cooking methods by having higher relative intensities for chemical, spice flavor, sour, and umami. The sous vide treatments were the easiest to differentiate from each other with respect to flavor when compared to the other cooking methods. The LAPS 0.75 h samples were defined by being more lemony, spicy, and sour when compared to other treatments. The ES 0.75 h sample was slightly more lemony, spicy, and sour than the 4 h deboned treatments, which indicates that deboning at 0.75 h leads to small increases in these descriptors and that combining LAPS with deboning at 0.75 h accentuates these differences. The LAPS 4 h treatment could be further differentiated from ES 4 h treatment because it was less intense in chemical, sour, salty, bitter, and umami than the ES 4 h treatment, which may help explain why cluster 3 in the consumer testing did not like this treatment.
In Figure 1c , the 2 axes (eigenvalues) explain 87% of the variability in the data. This figure indicates that the texture for all fried treatments were very similar and the texture of all sous vide treatments were very similar to each other. The only descriptor separating the fried treatments is juiciness, in which the ES 0.75 h treatment is juicier than the ES 4 h treatment. For the sous vide samples, the graph shows the LAPS treatments grouped together and the ES treatments grouped together, but the numerical differences in texture were very small between treatments. Baking accentuated textural differences between treatments that were not seen with other cooking methods. The ES and LAPS 4 h deboned treatments, were more tender, less cohesive, and less hard than the ES and LAPS 0.75 h deboned treatments with tenderness being the primary differentiator. However, the ES 4 h treatment was slightly juicier than the LAPS 4 h treatment. In addition, the LAPS 0.75 h treatment was slightly more tender and juicier than breast meat from the ES 0.75 h treatment. These results reveal that any of these stunning and deboning combinations could be used if the end use of the product is frying or sous vide cookery. However, if the product is going to be baked, only ES 4 h and LAPS 4 h treatments should be used to prevent texture variability.
